ABSTRACT An experiment was conducted to determine the effects of origins of soybean meal (SBM) on growth performance, nutrients and energy retention and fecal microflora in broilers. The SBM originating from Korea, Brazil and India were used. A total of 480 broiler chicks (average initial BW, 41.8 g) were randomly allotted to 6 treatments. Each treatment had 4 replicate pens with 20 chicks per pen. Birds were fed diets containing SBM originated from Korea (domestic SBM), Brazil or India (imported SBM) and the diets were based on the total amino acid (TAA) or true digestible amino acid (TDAA). Experimental diets were fed in two phases, starter (d 0～21) and finisher (d 22～35). The overall weight gain, feed intake and FCR were better (P<0.05) in birds fed Korean SBM. During starter and finisher periods, birds fed diets containing Korean SBM had greater (P<0.05) retention of GE, DM, and CP (P<0.05) as compared with Birds fed diets containing SBM from India. In addition, diets formulated on TDAA basis had grater (P<0.05) CP retention during starter period and DM, GE and CP retention during finisher period. There were no differences (P>0.05) in the excreta microflora and overall feed cost per kg body weight gain in birds fed SBM from different origins; however, diets formulated on TDAA basis had lesser (P<0.05) feed cost per kg body weight gain in birds when compared with diets formulated on TAA basis. These results indicate that Korean SBM has better nutrients digestibility than SMB originated from Brazil and India, which contributes to the improved performance of broilers. In addition, better performance was obtained when diets were formulated on TIDAA basis.
INTRODUCTION
Soybean-meal (SBM) is the most commonly used feed ingredient in the diet of non-ruminant animals because of its relatively high protein contents, excellent amino acid profile and dependable supply (Kim et al., 1999; Cromwell, 2000) .
In pigs and poultry diets, SBM account for approximately 62% of proteinaceous ingredients (ASA, 2002) . Because of the good amino acid profile, SBM is usually used to balance the dietary amino acid levels with cereal grains and their byproducts in poultry feeds. United State is a leading producer of soybean (37%), followed by Brazil (26%), China (21%), Argentina (17%) and India (4%; USDA, 2009). Unlike most plant-originated protein sources, SBM contains a relatively large amount of lysine. However, SBM is low in sulfur-containing amino acids, with methionine being the most significant limiting amino acid for poultry, followed by cystine and threonine (Eggum and Beames, 1983) . Also, SBM contains some antinutritional factors such as trypsin inhibitor, lectins and lipoxygenase (Ward, 1996) . These antinutritional are destroyed by heat treatment before inclusion of SBM in poultry diets. However, improper heat treatments destroy or denature the proteins in SBM, which results in the variation in nutrients contents of SBM from different batches or origins (Araba and Dale, 1990; Lee and Garlich, 1992) .
Several studies have shown considerable differences in nutrient content of SBM within and among geographic regions of the world (Baize, 1997; Grieshop et al., 2003) . Because of difference in environmental conditions, genetics varieties and processing conditions, SBM chemical compositions including contents of oligosaccharides, protease inhibitors and fiber differs among different geographic regions (Baker and Stein, 2009; Kumar et al., 2010) . This results in the variation in nutrient digestibility and performance of food producing animals fed SBM originated from different regions (Grieshop and Fahey, 2001; Karr-Lilienthal et al., 2005; van Kempen et al., 2006) . However, little research has been done on comparing the effects of origin of SBM on the performance and nutrients digestibility in broilers. Therefore, in this experiment, SBM obtained from three countries (Korea, Brazil and India) was evaluated for its influence on performance, nutrient retention, excreta microbial populations and economic analysis in broilers. Additionally, comparisons were made with diets formulated based on total amino acid (TAA) and true digestibility amino acid (TDAA).
MATERIALS AND METHODS
The protocol for this experiment was approved and birds were cared according to the guidelines of the Institutional Animal Care and Use Committee of Kangwon National University, Chuncheon, Republic of Korea.
Birds and Diets
A total of 480 broilers (initial BW, 41.8 g) were randomly allotted to 6 treatments on the basis of BW. Each treatment had 4 replicate pens with 20 chicks per pen. Broilers were fed diets containing SBM originated from Korea (domestic), Brazil or India (imported) and the diets were based on the total amino acid (TAA) or true digestible amino acid (TDAA). Korean SBM was freshly prepared (one month before experimental feeding), while SBM imported from India and Brazil were prepared 4 months before the experimental feeding. The main objective of this experiment was to compare the effect of origin of SBM when diets containing SBM from different origins were formulated based on TAA and TDAA basis. Treatment diets containing domestic and imported (Brazil and India), were formulated based on TAA and TDAA. Experimental diets were fed in two phases, starter (d 0～21) and finisher (d 22～35). Diets for starter (Table 1) were formulated to contain 3,200 kcal/kg of ME and 23.0 % of CP. Diets for finisher (Table 2) were formulated to contain 3,200 kcal/kg ME and 20.0 % of CP.
All diets met or exceeded the nutrient requirements, as suggested by the NRC (1994).
The birds were housed in rice hull-covered floor pens.
Each pen was provided with a self-feeder and hanging bell drinker to allow free access to feed and water. The house temperature was maintained at 34℃ for the first 5 days and then gradually reduced according to normal management practices, until a temperature of 23℃ was achieved. Lighting was provided for 23 h/d.
Experimental Procedures
The pen weight (at d 1, 21 and 35) and pen feed intake (FI) was noted at the end of each phase to calculate BW gain and feed conversion ratio (FCR) for starter and finisher phases. Overall FI, BW gain, and FCR were calculated for whole duration of experiment. Two nutrient retention trials were conducted by using 2 birds from each pen by housing them in individual metabolic cages. These birds were fed the diets containing chromic oxide (0.25%) during the last 7 days of each starter and finisher phase and excreta samples were collected for the last 3 days. The excreta samples of these birds collected over a 3-d period were pooled to represent 1 pen. Excreta were dried in a forced-air drying oven at 60℃ for 3 d and ground to pass through a 1-mm screen using a hammer mill (Buhler, Switzerland) for chemical analysis.
Additionally, excreta samples were collected from each bird used for digestibility trial for microbial analysis. Instrument Co., Molin, IL), and chromium concentrations was determined with an automated spectrophotometer (Jasco V-650, Jasco Corp., Tokyo, Japan) according to the procedure of Fenton and Fenton (1979) .
Chemical and Microbial Analysis
The microbiological assay of fecal samples was carried out by the procedure suggested by Choi et al. (2011) . In short, 
Economic Analysis
The feed cost (FC) was calculated based on the price of ingredients used and this FC was used to calculate the feed cost per kg body weight gain (FCG) by using the following formula: FCG = TFI×FC/TWG; TFI = total feed intake and TWG = total weight gain per broiler (kg).
Statistical Analysis
Statistical analysis was conducted by using the GLM procedure of SAS (1996) . Pens were used as the experimental unit for all the parameters. An independent t-test was used to compare among SBMs from Korean and imported origin, Korean and Brazil origin, and Korean and India origin, while additional comparisons were made among diets formulated on the basis of TAA and TIDAA. To enhance the interpretation of the results, the mean separations were analyzed using the Student-Newman-Keuls multiple range test. P- 
Growth Performance
Growth performance of broilers fed diets containing SBM from different origin is presented in Table 3 . Birds fed the Korean SBM had better (P<0.05) weight gain (starter, finisher and overall), feed intake (starter, finisher and overall) and FCR (finisher and overall) when compared with birds fed imported SBM (India + Brazil). In addition, birds fed Korean SBM had better (P<0.05) weight gain (starter, finisher and overall) feed intake and FCR (finisher and overall) than birds fed diets with Brazilian SBM. Also, weight gain (starter, finisher and overall), feed intake (starter, finisher and overall) and FCR(finisher and overall) were better (P<0.05) in birds fed Korean SBM diet than birds fed diets containing Indian SBM. In comparison with diets formulated on TAA basis, diets formulated on TDAA basis resulted in greater (P<0.05) feed intake (starter) and improved feed efficiency (starter, finisher and overall).
Soybean meal (SBM) is a major protein source in poultry feeds and one of the best quality ingredients. Because of the relatively good amino acid profile, it is usually used to balance the dietary amino acid levels with cereal grains and their byproducts in poultry feeds. In the present study, broiler fed the diets containing SBM originated form Korea had greater growth performance than broilers fed diets containing SBM originated from India or Brazil. Results obtained in the present study are in good agreement with data reported by Leeson et al. (1987) , Lee et al. (1994) and Joo et al. (1994) .
Some of the previous studies also reported greater growth performance of broiler fed Korean native SBM than broiler fed SBM from Brazil or India (Park and Baik, 1997; Park et al., 2002) . Greater performance of broiler fed Korean SBM might be due variation in amino acid profile of SBM from different origin and quality of nutrients due difference in storage period. In the present study, we used freshly prepared Korean SBM (one month before experimental feeding), while SBM imported from India and Brazil were prepared 4 months before the experimental feeding. It has reported that longer storage of SBM under unsecured condition results in decreased nutritional quality of SBM (Narayan et al., 1988) . The discrepancy in growth performance of broilers fed diets containing SBM from different origin also might be due to variation in quality of SBM due to variation in soybean processing conditions, such as moisture, drying time and drying temperature. Over and under processing due to improper heating conditions can result in the production of poor quality SBM (Araba and Dale, 1990) . Over processing of SBM results in a portion of the lysine being rendered unavailable for pigs due to Maillard reaction; whereas under processed SBM contains high concentration of antinutritional factors like trypsin inhibitors and saponins which decease the quality of SBM (Araba and Dale, 1990 ).
Nutrient Retention
Effects of origin of SBM on retention of energy and nutrients are presented in Table 4 . During starter and finisher periods, the retention of GE and CP was greater (P<0.05) in birds fed the diet containing Korean SBM as compared to birds fed the diets containing imported SBM (India + Brazil); while the retention of CP during finisher period was greater (P<0.05) in birds fed diet containing Korean SBM than birds fed diet with Brazil SBM. Additionally, during starter and finisher periods, the retention of DM, GE and CP was greater (P<0.05) in birds fed diet having Korean SBM than birds fed India SBM diets. Broilers fed diets formulated on TDAA basis had greater (P<0.05) retention of CP during starter period and DM, GE and CP during finisher period as compared to birds fed diets formulated on TAA basis.
In the present study, retention of nutrients in birds fed the Korean SBM diet was greater than birds fed Indian or Brazilian SBM diets. Several studies have shown considerable differences in nutrient content of SBM within and among geographic regions of the world (Baize, 1997; Grieshop et al., 2003) . Different growing conditions and the use of various soybean genotypes in these regions can affect nutrient composition including contents of oligosaccharides, protease inhibitors and fiber (Baker and Stein, 2009; Kumar et al., 2010) . As a result, nutrient retention in different batches of SBM fed to nonruminants may differ (Karr-Lilienthal et al., 2005) . Moreover, regional variations in processing conditions of the soybeans may also affect nutrient digestibility of SBM (Sauer and Ozimek, 1986) . Thermal treatment during SBM processing, for example, is frequently applied to inactivate residual contents of trypsin inhibitors in SBM (Qin et al., 1998) . However, so called under-toasting during processing of SBM may result in incomplete removal of some anti-nutritional factors (Araba and Dale, 1990 ) which, in turn, may decrease nutrient digestibility in these SBM. In the present study, variation in nutrients retention among birds fed diet containing SBM from different origin might be due to variation in contents of oligosaccharides, protease inhibitors and fiber in SBM from different origin. Our results indicates that the use of the Korean SBM in broiler diets could be economically advantageous to the broiler production due to its excellent protein quality, greater growth performance and digestibility of nutrients as reported in present study.
In this study, the performance and retention of nutrient in birds fed diets formulated on the basis true ileal digestible amino acid (TIDAA) had greater than birds fed diets formulated on the basis of total amino acid (TAA). This might be due to greater availability of digestible amino acids in the diets formulated on TIDAA basis than TAA basis. Greater digestibility of amino acids and CP may result in more AA reaching organ systems of the birds which results into improved growth performance.
Microbial Populations
Data pertaining to effects of origin of SBM on excreta microflora population are presented in Table 5 . Dietary treatments had no effect (P>0.05) on the number of Clostridium spp., Bifidobacterium spp., Lactobacillus spp. and coliforms in the excreta during starter and finisher period. It has reported that dietary sources of fermentable carbohydrates and protein affect the host animal by improving its intestinal balance (Fuller, 1989) and creating gut micro-ecological conditions that suppress harmful microorganisms like Clostridium and Coliforms (Line et al., 1998; Pascual et al., 1999; Shim et al., 2010) , and by favoring beneficial microorganisms like Lactobacillus and Bifidobacterium. In the present experiment, there were no differences in microbial population among birds fed diets containing SBM from different origin.
This indicates that origin of SBM have no effects on fermentation pattern and intestinal microflora of broiler.
Economic Analysis
Economic analysis of broilers fed different SBM origin diets is presented in Table 6 . In spite of greater total weight 
SUMMARY
In the present study, the Korean SBM was more efficient than Brazil-and India-originated SBM in improving performance in broilers. These results indicate that domestic SBM has better nutrient digestibility than SBM imported from Brazil and India, which contributes to the improved performance of broilers. Therefore, based on the results of this experiment, it is recommended to use domestic SBM because of its excellent protein quality.
